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The standard motion model of the driver swing for skilled male golfers
AE Michiyoshi, KIHARA Yuji, KOBAYASHI Yasuto,  
INOUE Yuhki, KASHIWAGI Yu and FUNATO Kazuo
Abstract: Since golf is one of the popular worldwide sports, a lot of biomechanical and/or motor 
learning research on the golf swing have been done. However, information of a good motion pattern of 
the driver swing is likely to be sporadic. The present paper intended to create a standard motion model 
of the driver swing and to identify critical points in the driver swing, based on coefficient of variation of 
segment direction angles. Twenty-five skilled male golfers performed a driver swing for the maximum 
distance with full effort in a laboratory setting. Their swing motions were captured by Vicon MX+ 
system with 12 cameras to obtain three-dimensional coordinate data of body segments and golf club. 
The averaged motion model of the driver swing was created as a standard motion model by the method 
of Ae et al. (2007), and coefficients of variation of direction angles for body segment and club vectors 
were calculated.
The findings obtained were summarized as follows.
1)  The created standard motion model was similar to that of sequential pictures illustrated in textbooks 
and manuals for the golf swing, which would imply that the standard motion model could be used as 
a tool for learning of the driver swing.
2)  The upper torso’s rightward rotation started around mid downswing, followed by the forward rota-
tion during the downswing and follow-through phases through ball impact.
3)  The magnitude and change in the direction angle for the upper limbs during the swing were larger 
than those of the lower limbs and trunk.
4)  The coefficients of variation in the lower limbs and upper and lower torsos were smaller than that of 
the upper limbs, which indicated the motions for these body segments were critical in teaching and 
evaluating the driver swing.
5)  The coefficients of variation in the shaft and head of the club increased around ball impact because 
both mean and standard deviation in the direction angle for the club were small around ball impact, 
which implied to be a critical point.
The coefficients of variation would be one of criteria to identify critical points in the driver swing. 
However, as the means of direction angle and coefficients of variation tended to be contrary to each 
other, it should be considered that the coefficient of variation could become large in the phase in which 
the mean of direction angle was small. In this case, mean and standard deviation of direction angles for 






































and Keogh, 2017；Keogh and Hume, 2012；Kwon et 
al., 2013）。これらには，体幹の捻りにみられる男女間
の相違（Horan et al., 2010），地面反力および圧力中心
の変化から体重移動について論じたもの（Han et al., 
2019，井上，2018），スイング中の関節トルクの推定を
試みたもの（Nesbit and Serrano, 2005），ゴルフスイン
グで重要とされている体幹の捻りの指標であるXファ














る（Hume and Keogh, 2017）。
しかし，基本となるスイングの習得の重要性が指摘
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ラブ 6点の 3次元座標は Ae et al.（2007）の方法を用
いて下記の式により算出した。
i i rp





















































なお，本研究では Figure 3の角 α，β，γをそれぞれi i rpR r R= +  





方向角 Xは大腿ベクトルと X軸がなす角度であり 90
度，方向角 Yは大腿ベクトルと Y軸がなす角度で 90
度，方向角 Zは大腿ベクトルと Z軸（鉛直軸）がなす
角度であり 0度となる。またアドレスにおける上胴ベ






















Nesbit, 2005；45.48±2.85 m/s, Kwon et al., 2013；


















































Figure 3　Definition of direction angles X, Y and Z
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Figure 5　Back view of stick pictures of the standard motion model of the driver swing for skilled male golfers. The black color 
indicates the right side of the body and club, and the red one indicates the left side.
Figure 4　Front view of stick pictures of the standard motion model of the driver swing for skilled male golfers. The black color 














⑥ フォロースルー中間点（Figure 4と 5，73％時）ま
で上胴の右傾と前方回転が続き，クラブは水平ま


























































Figure 6　Change in X direction angles of body segment and 
club vectors during the driver swing. The vertical thin lines 



















































Figure 7　Change in Y direction angles of body segment and 
club vectors during the driver swing. The vertical thin lines 
represent instants of top of backswing and ball impact from 
the left, respectively.
Figure 8　Change in Z direction angles of body segment and 
club vectors during the driver swing. The vertical thin lines 




らかにする必要がある（Murata et al., 2008；Ae, 2020）。















































Figure 9　Change in X coefficients of variation of body 
segment and club vectors during the driver swing. The 
vertical thin lines represent instants of top of backswing and 
ball impact from the left, respectively.
Figure 10　Change in Y coefficients of variation of body 
segment and club vectors during the driver swing. The 
vertical thin lines represent instants of top of backswing and 





























Figure 12　Average coefficients of variation in direction angles of body segment and club vectors. Label “All” on the abscissa 
indicates the average of all body segment and club vectors.
Figure 11　Change in Z coefficients of variation of body 
segment and club vectors during the driver swing. The 
vertical thin lines represent instants of top of backswing and 


























Figure 13　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of X direction angles and coefficients 
of variation (broken line) for the right upper arm, left hand and 
left upper arm. The vertical thin lines represent instants of top of 
backswing and ball impact from the left, respectively.
Figure 14　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of X direction angles and 
coefficients of variation (broken line) for the right shank, right 
thigh and left thigh. The vertical thin lines represent instants 
of top of backswing and ball impact from the left, respectively.
Figure 15　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of Y direction angles and 
coefficients of variation (broken line) for the right hand, right 
forearm and left hand. The vertical thin lines represent instants 
of top of backswing and ball impact from the left, respectively.
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Figure 16　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of Y direction angles and 
coefficients of variation (broken line) for the right thigh, left 
shank and left thigh. The vertical thin lines represent instants 
of top of backswing and ball impact from the left, respectively.
Figure 17　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of Z direction angles and 
coefficients of variation (broken line) for the right hand, left 
hand and left shank. The vertical thin lines represent instants 
of top of backswing and ball impact from the left, respectively.
Figure 18　Changes in means (thick solid line) and ±1 standard 
deviations (thin solid lines) of Z direction angles and 
coefficients of variation (broken line) for the right forearm, 
right foot and left foot. The vertical thin lines represent instants 
of top of backswing and ball impact from the left, respectively.
Figure 19　Changes in means (thick solid line) and ±1 
standard deviations (thin solid lines) of X, Y and Z direction 
angles and coefficients of variation (broken line) for the 
upper torso. The vertical thin lines represent instants of top 











方向角 Zの平均値（約 20～ 60度）が他の方向角
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